Introduction: Hyper-and hypothyroidism are accompanied by altered metabolic rate, thermogenesis, and body weight. The aim of this study was to estimate the relation between treatment-induced changes in thyroid function, and the accompanying body composition in patients with either severe hypo-or hyperthyroidism. Material and methods: Body composition analysis and hormonal assessment were measured at the initial diagnosis of thyroid disorder, after three-month treatment, and finally after complete recovery from hyperthyroidism (n = 18) or hypothyroidism (n = 27). Nonparametric Spearman correlation was used to analyse the relation between thyroid hormones and body composition as well as their respective changes.
Introduction
Thyroid hormones regulate the metabolism of the whole human body -triiodothyronine (T3) is necessary to maintain the energy requirements of various cells and tissues, to balance their anabolism and catabolism, and regulate body weight [1] [2] [3] [4] . An abnormal amount of T3 disturbs a number of metabolic processes [2] : shortage of T3 in hypothyroidism reduces basic metabolic rate and thermogenesis, inhibits catabolism and gains total body weight [5] ; excess of T3 in hyperthyroidism reverses these processes [6] . Specific therapy of hypo- [7, 8] and hyperthyroidism [9] [10] [11] restores proper body mass. Only a few studies have evaluated changes in body composition, i.e. muscle, water, and fat masses induced by thyroid diseases. It appears, however, that the relation between body composition and thyroid hormones, and particularly their respective treatment-induced changes, has not been studied so far. We hypothesise that: 1) body composition is related to the current status of thyroid hormones, and 2) the change in body composition is strictly related to the change of thyroid hormones concentration caused by specific treatment of hypo-and hyperthyroidism.
The aim of this study was to: -estimate body muscle, water, and fat mass in patients with hypo-and hyperthyroidism before and during the therapy of thyroid diseases, and after restoring euthyroidism; -analyse the relation between the concentration of free-triiodothyronine (fT3), thyroxine (fT4), and thyroid stimulating hormone (TSH), and different components of body mass; -investigate the association between the changes in T3, T4, and TSH, and the changes in the muscle, water, and fat mass at different stages of the therapy of thyroid diseases.
Material and methods
This observational pilot study included 70 consecutive adult patients from our outpatient clinic with an initial diagnosis of a naïve hypo-or hyperthyroid disorder. The Poznan University of Medical Sciences Ethical Committee in Poznan, Poland approved the study protocol (nr of declaration 161/11; 2011-Feb-11). All patients provided their informed written consent for participation before entering the study. Only the most contemporary guideline-based therapy of thyroid diseases according to the recommendations of the American Thyroid Association (ATA) was applied. No experimental treatment was allowed.
The main inclusion criteria were based on the current recommendations of the ATA [12] [13] [14] , i.e. the presence of symptoms characteristic for thyroid function disease: -a newly diagnosed hypothyroidism with free T3 (fT3) < 3.95 pmol/L, free T4 (fT4) <11pmol/L and TSH > 4.5 µU/mL) or -hyperthyroidism with fT3 > 6.80 pmol/L, fT4 > 21. 5 pmol/L and TSH < 0.27 µU/mL. Additional requirements were: -completing all visits during the follow-up; -a restoration of euthyreosis no later than during the third follow-up visit. The following patients were excluded from the study:
-those with any chronic condition requiring additional pharmacological treatment potentially altering body composition (e.g. diuretics, beta-blockers, hypoglycaemic agents, or steroids); -those with thyroid cancer; -those with any inflammation potentially affecting body composition (based on the clinical evaluation and measurement of C-reactive protein [CRP] concentration).
Study protocol and flow
The study protocol involved hormonal assessment and body composition analysis at the initial visit before the onset of therapy (Visit 1), after 12-16 weeks (Visit 2), and 24-32 weeks (Visit 3), when the euthyroidism was anticipated. Study protocol and flow are presented in Figure 1 .
Body composition analysis
A detailed body composition analysis was performed with the use of a total body bioimpedance analyser Tanita MC 180 MA II (Tanita, Japan) for the measurement of total body weight, as well as the estimation of mass of muscles, water, and fat. All body composition measurements were made at each study stage.
Biochemical analysis
A sample of 10 mL of venous blood was collected from fasting patients in the morning hours during each visit. All patients were asked to refrain from smoking and drinking tea or coffee for at least 12 hours, and from drinking any alcohol for at least 24 hours before blood sampling. The concentrations of TSH, fT3, and fT4 were assessed with the use of the (1) between the concentrations of fT3, fT4, and TSH with components of body mass for pooled data (total n = 135 -3 visits times 45 patients); and (2) between the changes in hormone concentrations and body composition measured between Visit 1 and 2 (n = 45), and Visit 2 and 3 (another n = 45) for pooled data (total n = 90); p < 0.05 was considered statistically significant. Statistical analyses were made with the use of Medcalc softwere (version 13.0.4.0) (Medcalc, Belgium).
Results
Preliminary, there were six male and 22 female patients with hyperthyroid disease, with a median age of 36. Euthyroidism was confirmed during the third visit (V3) in 18 patients with hyperthyroidism and in 27 patients with hypothyroidism.
Effects of therapy on hormonal status and body composition
Hyperthyroid group TSH concentration was significantly lower during Visit 1 than during Visit 2 and 3 (p < 0.005 for all comparisons). The concentrations of fT3 and fT4 were significantly higher during Visit 1 than during Visit 2 and 3 (p < 0.005 for all comparisons) ( Table I) .
Total body mass and fat mass significantly increased after the early phase of treatment, while muscle mass and total body water were higher compared to the baseline values after euthyroidism was restored (Table II) .
Hypothyroidism group TSH concentration was significantly higher during Visit 1 than during Visit 2 and 3 (p < 0.0001 for all comparisons). The concentrations of fT3 and fT4 were significantly lower during Visit 1 than during Visit 2 and 3 (p < 0.0001 for all comparisons) (Table III) .
Total body mass and fat mass significantly decreased after the early phase of treatment. There was no significant change in the muscle mass and total body water during the treatment (Table IV) .
Analysis of hormonal profiles revealed that patients with hyperthyroid disease, in comparison with hypothyroid individuals, had significantly lower concentrations of TSH at Visit 1 (p < 0.0001) and 2 (p = 0.026), and signifi- cantly higher concentration of fT3 at Visit 1 (p < 0.0001), and fT4 at Visit 1 (p < 0.0001). However, after reaching euthyroidism (Visit 3), hyperthyroid patients had significantly lower fT4 concentration (p = 0.003).
Hyperthyroid patients had significantly lower body weight (p = 0.0426) and fat mass (0.0132) than hypothyroid patients at Visit 1 before the treatment was started (Table II and IV) . No significant differences were observed for the mass of muscles and total body water at this time. During Visit 2 and 3 there were no significant differences in the total body weight and masses of any analysed body compartments.
Correlations between hormone concentration and body composition
At each stage of treatment, whole body weight and masses of particular body compartments were correlated with corresponding values of TSH, fT3, and fT4 concentrations for pooled data of all patients and all measurements (total 135 pairs of different correlations).
TSH was significantly and positively correlated with body weight and fat mass but not with muscle mass and total body water. Both fT3 and fT4 were significantly and negatively correlated only with body weight and fat mass but not with muscle mass and total body water (Table V) .
Correlations between changes in hormone concentration and body composition Changes in fT3, fT4, and TSH were significantly correlated with changes in the body weight and all of its analysed contributions, i.e. fat, muscle, and body water mass. Changes in both fT3 and fT4 were negatively correlated with changes in body weight and fat, muscle, and water masses. Changes in TSH were positively correlated 
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with changes in body weight and fat, muscle, and water masses. The strongest correlations were observed for the relation of changes in hormonal concentrations and body weight or fat mass, whereas the weakest was with the total water mass (Table VI, Figure 2 ).
Discussion
In this study we found that in patients with hyperthyroid disease, the applied treatment caused a significant increase in total body weight as well as the masses of fat, muscles, and body water. In subjects with hypothyroid disease, the treatment significantly reduced total body weight and body fat mass but showed no influence on muscle and body water mass. Furthermore, patients with hyperthyroid disease had significantly lower body weight and fat mass than individuals with hypothyroid disease, but only before an appropriate treatment had been started. During the treatment and when euthyroidism was obtained, there were no statistical differences in body weight and the masses of muscles, fat, and water between both studied groups. The novelty of this study is the analysis of the link between concentration of fT3, fT4, and TSH and body composition as well as between the changes in the hormonal concentrations and the changes of body composition. In more detail, there were significant correlations between thyroid hormonal profile and body weight and fat mass, but not with muscle or body water mass. However, the changes in body weight and all analysed body compartments, i.e. fat, muscle, and water mass, were all significantly correlated with the changes in fT3, fT4, and TSH observed during the treatment. For these associations, changes in hormones were most strongly related to the changes in total body weight and fat mass. Most previous studies on this topic compared body composition between patients with thyroid function disorders and healthy individuals [15] [16] [17] , which does not allow avoidance of the individual metabolic differences between the subjects, thusly blinding the results. In contrast, we compared body composition and its change within the same patients, at different stages of thyroid disease: in severe thyroid dysfunction, during treatment, and after restoring euthyroidism. Few similar studies in hyperthyroid patients showed an increase of total body weight after 3-24 months of treatment [6, [9] [10] [11] [18] [19] [20] , but no details on body compartments such as fat, muscle, or water mass were assessed. Few other studies in hypothyroid patients revealed either a loss or no significant change of total body mass during the LT4 replacement therapy [7] [8] [9] .
It is unknown whether the weight loss in overt hyperthyroidism results from decrease in body fat or muscle mass. Greenlund et al. [16] and Brunova et al. 
Treatment of severe thyroid function disorders and changes in body composition Adam Stangierski et al. [9] reported that overproduction of T3 leads to a similar decrease of both fat and free fat mass (FFM). Miyakawa et al. pointed out that hyperthyroidism in men mainly causes loss of body fat [21] . Thyroid hormones, together with growth hormone, catecholamines, glucagon, insulin, and others, regulate the metabolism of muscular cells [22] [23] [24] . Hyperthyroidism increases protein turnover leading to the loss of muscle mass [25] , accelerates thermogenesis, and induces gluconeogenesis and lipolysis [25] [26] [27] [28] by metabolising amino acids from muscles and free fatty acids from adipose tissue. These metabolic changes result from a constant production of energy at an increased level.
Our study shows what happens during restoration of the euthyroid state; there is a significant increase of all major contributors to the total body mass, i.e. of the fat, muscle, and water. In some other studies, the main increase of muscle mass during antithyroid therapy was 
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also documented [28] . All these data suggest that the anti-hyperthyroid treatment stops further loss of energy and restores its potential sources in adipose tissue and muscles. In our study, the anti-hyperthyroid therapy resulted also in an increase in total body water. Thyroid hormones do not influence water and electrolyte balance directly. However, the accompanying increased activity of aldosterone, atrial natriuretic factor [29] , and adrenergic activation are found in hyperthyroid patients. There is also some shift of fluids from extravascular space into the circulation, resulting in an increased cardiac output [30] that is typical for hyperthyroidism. All these changes result in actual body dehydration. Antithyroid therapy reverses these processes and corrects hydration. This may explain our findings. For patients with hypothyroid disease, body composition changes seem to go in another direction.
Seppel et al. postulate that hypothyroidism induces weight gain mainly by increasing adiposity [31] -this is in concordance with our findings. Regarding the LT4 replacement therapy, Sanchez et al. and Lonn et al. noted a significant decrease of fat mass and free fatty mass (FFM) after 4-10 months and 3-12 months of such treatment, respectively [8, 20] . Karmisholt et al. observed a significant decrease in FFM with an unaltered fat mass one year after LT4 treatment induction [7] . In our study, weight reduction observed during LT4 therapy (only during the first control visit) was an effect mainly of decreased body adiposity. It is probable that that LT4 inhibited lipogenesis and enhanced lipolysis due to an increased body energy demands and faster metabolism.
Most of the studies describing correlations of thyroid hormones with masses of particular body compartments were performed in euthyroid subjects and usually presented contradictory conclusions. While some authors did not reveal any relations between thyroid status and body composition [31] [32] , the others found strong positive associations between total body mass and TSH/thyroid hormones concentrations [33] [34] [35] . To our knowledge, this is the first study showing both changes in thyroid hormone concentrations and body composition in time. We included patients in the symptomatic stage of thyroid disease, during the applied treatment, and after restoring euthyroidism. Strong associations between hormone concentrations and body compartments were shown, and these findings indirectly confirm a significant influence of thyroid hormones on fat and muscular metabolism. Our results also support the hypothesis that the actual thyroid status is an indicator of current body adiposity and FFM [33, 36, 37] . The limitations of our study must be recognised. First, the number of studied patients is not large. However, this was a pilot study and its promising results convinced us to plan new and more advanced future studies in much bigger groups. Second, the finally analysed groups were quite homogenous -all of the subjects had no other accompanying diseases, had completed the whole treatment of their disease, and had obtained euthyroid state. Another limitation is the evaluation of body composition with the use of bioimpedance. Although this method may not be as precise as gold standard methods such as Dual-energy X-ray Absorptiometry (DXA) [38, 39] or magnetic resonance imaging (MRI); however, bioimpedance assessment is completely noninvasive (i.e. no X-ray), harmless, and very cheap. The accuracy of bioimpedance has been shown in many clinical and population studies, including patients with thyroid dysfunction [40, 41] . Finally, we used pooled data of all patients and measurements, regardless the type of thyroid disease (hyper-and hypothyroidism) and its stage, i.e. before treatment, during treatment, and after recovery of normal thyroid function. This approach was deliberate for at least two reasons: first the statistical power of the analysed group has been increased, and second, we might analyse different correlations for much wider range of thyroid hormones concentrations and their changes from very low to very high with results of body composition analysis. A similar study for selected patients like hyperthyroid or hypothyroid disease or separately for different phases of the treatment might result in missing some important information and overlooking some general trends.
In conclusion, treatment of severe thyroid function disorders significantly changes total body weight and body composition. Furthermore, total body weight and fat mass are correlated with thyroid hormones and TSH. Additionally, the changes in thyroid hormones concentration are also strongly linked to the change in body composition/weight.
